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The invention relates to a welding system and 
bas reference more particularly fo a welding sys- 
rem incorporating an improved phase shift con- 
trol for maintaining the welding, current sub- 
stantially constant for any particular setting by 5 
automatically shifting the firing point of the 
electric discharge valves that conduct primary 
current to the welding transformer. 
ït i o!d and of common knowledge to provide 
welding systems having phasë shift control 
wherein a particular value-of welding current is 
obtained by shifting the firing point of the igni- 
trons which in turn control the flow of the pri- 
mary current to the welding transformer. Weld- 
ing systems in the past have also been provided 
with a phase shift network for controlling .the 
welding current by automatically adjusting the 
firing point of the ignitrons in such a manner 
that it is a function of the welding current im- 
mediately preceding. Ths is done in order fo 
maintain the welding current ai a constant value 
during the Welding operation. 
Many disaIvantages are inherent in these prior 
art sysems and mention may be ruade of the 
following: 
When a welder operates with very short tim- 
ing, it is difiïcult to use an automatic regulator 
which will maintain the welding current af a 
predetermined value. 
The rime constant of the system is either very 30 
long, and the saine does hOt respond fast enough,  
or if is very short, and there is a .possibility of 
oscillation in the circuit. " 
It is an object of the present inventiorl to oh- 
viate the above disadvantages. 35 
A more specific object of ihe inention is to 
Drovide an improved phase shift circuit Which 
vill control the filing of eectric dscharge valves 
by applying a variable grid potëntial to the firing 
tubes controlllng Said dschgrge'valves and which 40 
is obtained by superimposing.an alternating cur- 
rent voltage on an adjustablè direct'current-: 
voltage. 
Another object of the invention is to provicle 
a welding system incorporating an ,improved 45, 
phase sh.ft circuit, the operation of which ïs a 
ïunction of the line voltage variations and 'Of .the  
welding circuit impedance varigtions, Whereby 
the welding current is automatically maintained.. 
at constant value corresponding t0 an estabIihed, 5O 
With these and varioUs otherobjects in vies, 
the invention may consist of certain novel 
tures of construction and oPeration as ,wfll 
more fully described and particularly poindd 

STATES PATENT OFFICE 
2,602,155 
WELDING SYSTEM 
Marcel Michelet, Paris, France, assignor to Weld- 
ing Research, Inc., Chicago, Ill., a corporation 
of Illinois 
Application December 3, 1949, Serial No. 130,978 
In France April 13, 1949 
8 Claires. (CI. 32332) 
2 

out in the specification, drawings and claims ap- 
pended hereto. 
In the drawings which illustrate an embodi- 
ment of the invention, and wherein like reference 
characters are use to designate like parts: 
Figure 1 is a schematic diagram illustrating a 
welding system incorporating the improved phase 
shift control circuit of the invention; 
Figure 2 is a schematic diagram i!lustrating an 
10- electric circuit as generally indicated in Figure 1 
for measuring the welding current; 
Figure 3 is a diagrammatic view illustrating, 
for a given voltage, the operation of the present 
welding system in function of time; and 
1 Figure 4 is a schematic diagram showing the 
manner in which the firing of the ignitrons can 
be initiated at various points in a half cycle for 
various control voltages. 
In the welding system as .shown in Figure 1 
0 the intensity of the welding current is controlled 
by phase shifting the firing point of the ignitrons 
by applying a variable grid potential to the firing 
tubes of the saine and which variable grid po- 
tential is obtained by superimposing two voltages, 
one an alternating current voltage and the other 
an adjustable direct current voltage. The phase 
relation between the alternating current voltage 
and the line voltage is constant. When the di- 
rect current voltage is varied the superimposed 
alternating current voltage rendors the grid of 
the firing tubes positive at different points on the 
line voltage curve, these points being related 
to the value of the direct current voltage. An 
important feature of the present phase shift cir- 
cuit resides in the fact that its operation is a 
function of the line voltage variations and of 
the welding circuit impedance variations. Both 
of these variations automatically add a second di- 
rect current voltage to the direct current volt-. 
age controlling the welding. This second direct 
current voltage is a function of the difference 
in òne Or the other direction between the real. 
value of the welding current and the value that. 
it should have for the particular setting. This 
added positive or negative voltage acts to always 
maintain the welding current at a value cor- 
esPonding fo the established setting whatever 
may be the variations in the line voltage or in 
the Welding circuit impedance during a welding 
operation. The result is obtained by automat- 
ically decreasing the phase shift when the value 
of the welding current is below the established' 
setting and by automatically increasing the phase 
shift when the value of the welding current ex- 
55: ceeds said established setting 
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The welding system shown in Figure 1 con- 
sists of the welding circuit generally identified 
by numeral I, the reference circuit 2, the weld- 
ing current reguiating circuit 3, and the manual 
regulating device 4. 
leferring fo the we!ding circuit , if will be 
seen that the saine includes ignitrons 5 and G 
electrically connected to each other in an inverse 

same potential is applied to all the cathodes and 
which is the potential at point C. 
The reference circuit 2 also includes the pri- 
mary 34 of a measuring transformer 35, said pri- 
,5 mary winding being connected in series with the 
durnmy load circuit 25. The secondary winding 
3G of said transformer 35 is connected to a meas- 
uring .device 23 similar fo the measuring device 

parallel manner for supplying the primary 7 of previously referred to in connection with the 
the welding transformer 8. The secondary or ]0 welding supply circuit . The voltage at the ter- 
load circuit 8 of the welding transformer is elec- minals of the potentiometer 7, as measured by 

trically cormected to the welding electrodes I{}. 
Two thyratrons 1 and 2 are provided, one for 
each of the ignitrons, and the grid circuits of each 
of the firing thyratrons are connected together ]5 
by the primary 14 of transformer I. The sec- 
ondary 5 of said transformer is connected at its 
ends to the respective cathodes 18 and 17 of the 
ignitrons  and 6, this arrangement being ruade 
to allow control of both thyratrons 11 and 12 by 20 
the saine circuit. The grid bias of thyratrons 1 I 
and I is provided by an adjustable direct cur- 
rent voltage applied to terminals p and « of the 
primary and secondary, respectively, of trans- 
former 13, and by an alternatfl]g current voltage  
which is developed across the secondaries 8 of 
control transformers 18. The line voltage exist- 
ing across points A and B of the altem]ating cur- 
rent source L--L2 supplies current to the pri- 
mary 7 of the welding transformer and which is 30 
controlled by ignitrons 5 and . Said primary 
circui additionally includes the primary 2{} of a 
transformer 21 for measuring the welding cur- 
font. Secondary 22 of said transformer 21 is 
connected to the terminals of a measuring de- 5 
vice 23 and is illustrated in deçail in Figure 2. 
The measuring device 23 is such that the voltage 
at the terminals of the output potentiometer 24 
of said device 23 represents the value of the 
welding cmTents. 40 
The reference circuit 2 consists essentially of a 
circuit that includes a dumrny toad having the 
saine power factor as the primary ircuit 7. Said 
dummy circuit includes a reactor 25 and a vari- 
able resistor 2 connected in series with said 45 
reactor 25. Current for said dummy load is sup- 
plied by two thyratrons 27 and 28 connected in an 
inverse parallel manner sirnilar in aH respects 

said device 23, is representative of the current 
in the dummy load circuit 25 of this reference cir- 
cuit. 
The measuring devices 23 of the reference cir- 
cuit 2 and the welding circuit I are shown in Fig- 
ure 2 as consisting of several conventional elec- 
tric elements fl combination. It will be under- 
stood that the current tobe measured, and which 
flows in the primary 2 of transformer 21, or in 
the primary 34 of transformer 3, wfll produce a 
voltage which is a function of the current value 
at the terminals of the secondaries of each of 
these transformers. The device will be described 
in connection with transformer 2 and it will be 
tu]derstood that the terminals of the secondary 
winding 22 are connected to a rectifying device 
8 connected so as to operate as a full wave recti- 
fier. The current supplied by windfl]g 22 is 
therefore rectified and the output consists of two 
positive hall cycles for each cycle of alternatfl]g 
currenç supp]ied by said windingi The direct cur- 
rent from the rectifier 38 is supplied to a con- 
denser 3, the circuit including a variable resis- 
tor 4, the saine providing a rime constant for 
controlling çhe charging rate of condenser 38. 
The said condenser 38 discharges across a resis- 
tor 41 which is likewise variable so that the saine 
provides a ime constant for controlling the rate 
of discharge. By means of the circuit above de- 
scribed a substantially sinusoidal voltage is sup- 
plied to a special peak voltmeter consisting of the 
rectifier 42 and condenser 43. The voltage at the 
terminals of the condenser 43 is applied across 
potentiometer 24. 
One of said measuring devices produces a volt- 
age at the terminals of potentiometer 24 which 
is proportional to the welding current and the 

to the connections of the ignitrons  and 8 of the other measurfl]g device produces a voltage at the 
welding circuit. The cathodes of the thyratrons 0 terminals of potentiometer 37 which is propor- 
27 and 28 are connected together by the second- tional to the current flowing through the dummy 
ary winding 28 of a transformer 39. The pri- loadcircuit2. 
mary 21 of this transformer 29 is connected to In order to prevent voltage variations in the 
the grids of the thyratrons 27 and 28 .through alternating current supply source from affectfl]g 
secondary windings 2 of control transformers  the dummy load circuit, current is supp]ied to 
3. An alternating current voltage is developed said dummy load circuit threugh an auomatic 
across the secondary windings 2 and which is voltage reguiaor 44 of low rating and of the 
similar to and in phase with the alternating resonant circuit type, for example. Said regula- 
current voltage developed across secondary wind- tor 44 is connected to the leads L and I_e of the 
ings 18, if being undersood that the control 60 alternating current supply and the terminals of 
transformers 9 and 3 each include a primary the dummy load circuit are cormeced to said 

winding having connection fo the altem]ating 
current supply source indicated by leads L and 
I. 
The potential applied to the grids of thyratrons 
27 and  is the resui of two voltages, one an 
adjustable direct current voltage which 
plied to the terminals q and c of the primary and 
secondary windings, respectively, of transformer 
38, and the other an altem]ating current voltage 
which is developed across secondaries 32. Since 
the grid-cathode circuits of the f2yratrons 27 and 
28 are substantially identical fo that of thyra- 
trons 1 and 12, it witl be understood that the 

regu]ator at AB. 
The volçages from the measuring devices 23, 
which appear across potentiometers 24 and 37, 
respeckively, are used fo maintain the weldfl]g 
current supp]ied to the electrodes I {} substantially 
constan regardless of voltage variations in the 
alternaing, current supply source. For this pur- 
posethe movable contact 45 of potentiomeer 24 
and movable contact 48 of potentiometer 37 are 
cormected to the grid of an electronic vacuum 
tube 47 constituting an element of the regulating 
circuit. 3. The said tube 7 bas a plate. 45, a grid 
6} and a cathode 61. The regulating circuit in 
addition to tube-4 consists of potentiometers 2 
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and §3 connected in series relation across the tween points ç and c is the saine as the voltage 
terminals of the direct current source 54 con- applied by the reguiating device 4. When the 
stituting a battery or the like having plus and voltage between points ç and c equals V1, Figure 
minus terminals connected as shown. The plate 3, the bias potential applied fo each of the thyra- 
48 is cormected to the plus side of said battery,  trons If and !2 is equal to said voltage V1 plus 
the negative side of said battery being connected the alternating current voltage developed across 

through potentiometer 53 to the grid 50 of said 
electronic tube 47. The cathode 5! of said tube is 
electrically cormected to the potentiometers af 
a point between the saine. The potentiometer 52 
has a movable contact 55 and in a similar manner 
potentiometer 53 has a movable contact 55 which 
is included in the grid circuit of the tube 47 so 
that adjustment of the saine will vary the poten- 
tial applied fo the grid of said tube. The con 1 
ductor 57 cormects the plate circuit of said tube 
47 with the primary winding !4 and accordirly 
point p in the welding circuit has the saine po- 
tential as point p in the reguiating circuit. The 
potential applied to plate 48 is accordingly ap- 20 
plied fo the grids of the thyratrons  and 
Movable contact 55 is connected by conductor 5 
to the negative side of a source of adjustable di- 
rect current voltage heretofore, identified in 
general by numeral 4. A conductor 5 joins 
conductor 58 to the grid circuit of the thyratrons 
2] and 28 and accordingly point q in reference 
circuit 2 bas the saine potential as point q in the 
regulating circuit 3. 
The positive side of the adjustable direct cur- 
rent voltage 4 is connected by conductor 5 ! to the 
cathodes of the thyratrons ! ! and !2 and also to 
the cathodes of the thyratrons 27 and 28. The 
adjustable direct current voltage supplied by 4 
controls the intensity of the welding current and 35: 
if is understood that said direct current voltage 
may be produced by a relaxation oscillator for the 
welding of successive spots as in seam welding, or 
by any other device contro]ld by a synchroniza- 
tion apparatus and producing a variable voltage. 40 
The operation of the system as herein described 
is as follows: When the welding machine is at 
rest the two movable contacts 45 and 45 are at 
the saine potential inasmuch as currents in both 
the welding circuit ! and reference circuit 2 are 45 
zero. However, a certain current is fiowing 
through the electronic tube 47 since it is opera- 
tively connected to the terminals of the direct 
current source 54 and since the contact 5 bas 
been adjusted fo predetermine the value of said 50 
current. The movable contact 55 on potentiom- 
eter 52 is adjusted fo be af the saine potential as 
that of plate 48, or, in other words, points p and 
q are adjusted fo the saine potential. The firing 
of the thyratrons ! ! and !2 and the fn'ing of thy- 55 
ratrons 27 and 28 is initiated by the alternating 
current voltages appearing across the secondaries 
!8 and 32. In this respect the transformers !8 
and 33 function as peaking transformers, if being 
understood that they each include a primary 60 
winding connected directly fo. the alternating 
current source L1 and L,, and said peaking volt- 
ages are accordingly in phase with the line volt- 
age. The phase shffting of the firing point of the 
ignitrons 5 and 5 is controlled as follows: 65 
The biasing potential applied fo the grid of 
thyratons ! ! and !2 is the algebraic sum of the 
direct current voltage applied fo points c and p 
and the alternating current voltage developed 
across the secondaries !8 as described, the cath- 70 
odes being maintained af a potential which is that 
of point c. When the proper adjustment of the 
apparatus has been ruade the potential at point 
p will be the saine as the potential af point q, or, 
in other words, the difference in potential be- 

secondaries ! 8. If will be understood by reference 
fo Figure S that under these conditions the poten- 
tial applied fo the grids of thyratrons ! ! and !2 is 
10 - never positive with respect fo the cathode. Ac- 
cordingly, thyratrons !! and ! are held in a 
non-conductive state and current is prevented 
from flowing tin'ough the welding circuit. 
When the voltage between points p. and c is 
reduced by the regulating device 4 fo a value V2 
so that the potential on the grids is less negative 
with respect to that of the cathodes, then if 
will be seen that when the alternating current 
voltage developed across secondaries fS is super- 
imposed on voltage V2 that the potential on the 
grids will become positive at certain points on 
the alternating .voltage curve. The firing oï the 
thyratrons !! and !'2 is accordingly initiated af 
time T and the ignitrons 5 and  are thereupon 
rendered conductive fo pass current with said 
current fiow continuing for the remainder of the 
hall cycles. Ftow of current is indicated on 
Figure 3 by the shaded area 62 for each half 
cycle of the power supply current. By adjusting 
voltage V to different values it wfll be seen that 
the superimposed alternating current voltage 
developed across the terminals of the secondaries 
!8 wfll intersect the voltage curve af variable 
points in the respective half cycles so that control 
of the current supplied to the welding electrodes 
is obtained. Thus, in Figure 4 a voltage Vs 
results in the firing of the thyratrons at a point 
in the voltage curve corresponding to time Ts. 
Another voltage V4 further delays the firing of 
the ignitrons fo a point in the positive half 
cycle indicated by T4 and still further delayed 
firing is obtained by voltage V whereby the 
ignitrons are fired at time T. The points Ts, 
T4 and T correspond to an increased phase shift- 
ing of the firing point of the thyratrons. 
For a proper start in the operation of the 
present welding system it is required that the 
movable contacts be adjusted so that the voltage 
between points p and q is zero. To initiate a 
welding operation the voltage applied to points c 
and q by the welding control device  must be such 
that the superimposed alternating current volt- 
age wfll result in a positive potential being 
applied af certain times to the grids of the 
thyratrons. The thyratrons 27 and 2S are caused 
to tire simultaneously and in the saine manner as 
described in connection with thyratrons Il and 
!2, and in the dummy load circuit '2'5 a current 
of a certain value is thereby caused fo fiow which 
produces a representative voltage across the ter- 
minals of potentiometer 37. This voltage is hot 
affected by voltage variations in the alternating 
current supply source inasmuch as the current 
flowing through the dummy load circuit wfll bave 
a eonstant and stabilized voltage by reason of 
the voltage regulator 44. However, the current 
fiowing through primary winding 7 of the weld- 
ing circuit will bave a variable voltage because 
of voltage variations in the alternating current 
supply source or as a resuit of variations in the 
welding circuit impedance. 
Assuming, for example, that the current fiow- 
ing through primary winding 7 as a result of 
ignitrons 5 and 0 being rendered conductive bas 
a reduced voltage, then under these conditions 
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the potential at point p becomes higher than the 
potentiaI ai point q by reason of the following 
operation: The reduced voltage of the primary 
cm'rent flowing through the welding circuit, wilI 
reduce the voltage across the terminals of poten- 
tiometer 4 to a proportional extent. The origi- 
nal adjustment of the contacts 45 and 4S was 
such that the voltages from the respective poten- 
tiometers 4 and 3 . cancelled each other since 
they are applied to the respective ends of a 
resistance e!ement 3 in the grid circuit, of the 
vacuum tube 7. When the voltage across the 
terminals of .4 is reduced, current fiows through 
the element 63 and the voltage drop renders the 
grid . more negative than before. 
As a result a corresponding reduction takes 
place in the flow of plate current. The potential 
ai point p, due fo a reduced voltage drop across 
the resistance element , becomes higher than 
the value originally set, or, in other words, the 
potential at point p is now higher than ai point q. 
The operation of the electronic tube 7 is such 
as fo automatically adjust the biasing potential 
applied fo the grids of the thyratrons   and 
controlling the welding circuit. The biasing 
potential is rendered less negative with respect 
fo the cathodes of the thyratrons and this results 
in flring the thyratrons ai an earlier point in the 
positive ha!f cycles so that the current supplied 
to the welding electrodes is increased. This 
current fl]crease compensates for the redueed 
voltage of the alternating current supp]y source 
and the value of the current supplied to the 
welding electrodes is thus maintained substan- 
tially constant. In other Words, the action of 
the vacuum tube is such as fo produce an aut, o- 
matic correction by modifying the potential at 
point p in relation fo the potential ai point 
Whereas, the potentiaI at point p was iucreased 
with respect fo , as a result of a drop -in line 
voltage, it wilI be understood that the apparatus 
wii! respond in a simflar manner to Iower the 
potentiaI af point p. with respect fo  as a resul 
of an increase in line voltage. 
To summarize, it may be stated that in order 
fo make the welding system independent of line 
voltage variations and independent of welding 
circuit inpedance variations, a voltage is 
veloped across points p and  which is a function 
of the line voltage or of welding circuit impedance 
variations, and which is algebraicaly added to 
the controI voltage provided by the regulating 
device 4. As a result the welding current is hot 
affected by the two variations above mentioned 
and ifs value is determined only by the contro! 
voltage provided by said regulating device. 
What is claimed is: 
1. In a control circuit for a welding system 
incuding a welding transformer having a pri- 
mary winding, electric discharge valves for pas s- 
ine ctu'ïent through said primary winding, and- 
firin vaives contro!lin the conductivity of said 
discharge valves, the combination therewith of 
grid biasing means for said firing valves 
ciuding welding cm'rent controI means for sup- 
plying an adjustable direct current voltage, con- 
trol transfoïners for superimposing an alternat- 
ing current voltage on said .direct current voltage, 
and otheï means for additionally superflnposing 
a second direct current voltage which is a ,furie- 
tion of voltage variations in the primary circuit 
and of impedance variations in the we!ding ss- 
rem. 
. In a controI circuit for a welding system 
incldinz a weldin transformer having a primary 

winding connected fo an alternating current 
source, electric discharge valves Ïor passing cur- 
rent thïough said primary winding, and flring 
valves controlIing the conductivity of said dis- 
charge valves, the combination therewith of grid 
biasing means ïor said firing valves including 
welding current control means for supplying an 
adjustable direct current voltage, controI trans- 
formers for superimposing an alternating ctu'rent 
voltage on said direct current voltage, and other 
means for automaticalIy superimposing a second 
direct current voltage which is variable and a 
ïunction oï voltage variations in the alternating 
current source and of impedance variations in 
the welding system. 
3. In a control circuit for a weldflug system 
including a welding transïormer having a pri- 
msry winding connected to an alternating cur- 
rent source, electric discharge valves OEor passing 
current through said primary winding, and tir- 
ing valves controlling the conductivity of said 
discharge valves, the combination therewith of 
grid biasing means ïor said D_ring valves includ- 
ing welding current control means for supplying 
an adjustable direct current voltage, control 
transïormers ïor superimposing an alternating 
current voltage on said direct current voltage, 
and other means for automaticalIy superim- 
posing a variable direct current voltage which 
bas the effect oî shifting the phase of the grid 
biasing potential with respect fo the line voltage, 
said variable direct current voltage being a func- 
tion of the voltage variations of the alternatfl]g 
current source and of the impedance variations 
$ in the welding system. 
4. A controI circuit for a welding system which 
includes a welding transformer prflnary, electric 
discharge valves for passing current through said 
primary, and firing valves of the grid-controlled 
40 type for controlling the conductivity of said 
discharge valves, comprising in combination with 
control voltage means for triggering said firing 
valves fo initiate a welding operation and ïor 
maintaining said firing valves non-conductive 
between welding operations, of a regulating cir- 
cuit. operating to automaticalIy supply a grid 
potential of variable direct current voltage and 
which is algebraically added to said controI volt- 
age whereby fo shift the firing point of said 
valves so as fo maintain the welding current 
substantially constant irrespective of line voltage 
variations. 
5. A control circuit for a welding system which 
includes a welding transformer primary, electric 
discharge valves for passing current through 
said prima and firing valves of the grid con- 
trolled type for controlIing the conductivity of 
said discharge valves, comprising in combina- 
tion, welding current controI means ïor supply- 
ing an adjustab!e direct current voltage as a 
biasing potential for said firing valves, a regu- 
lating circuit supplying a variable direct current 
voltage which may be plus or minus with respect 
to the biasing potentiaI and which is algebraically 
added to the saine, and peaking means ,for super- 
imposing an alternating current voltage on the 
sure of said direct current vo!rages fo trigger 
the firing valves, said variable direct current 
voltage being a îunction of the variations in the 
voltage of the primary cm'rent. 
6. A controI circuit for a welding system which 
includes the primary winding of a welding trans- 
former connected to a source of alternating cur- 
rent, electric discharge valves for controlling flow 
of current through said primary winding, and 
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flring valves of the grid-controlled type for con- 
trolling the conductivity of the electric dis- 
charge valves, of a reference circuit connected to 
the alternating current source through a con- 
stant voltage regulator and including a reactor 
providing a dummy load having the same power 
factor and current setting as that established 
for the welding systern, a voltage measuring cir- 
cuit for said welding system providing a voltage 
proportional to current fiow through the primary 
winding, a second voltage measuring circuit for 
said reference circuit providing a voltage pro- 
portional to current fiow in the reactor, control 
voltage means for triggering said firing valves to 
initiate a welding operation and for maintain- 
ing said firing valves non-conductive between 
welding operations, and a regulating circuit op- 
erating to supply a grid potential of variable 
direct current voltage and which is algebïaically 
added to said control voltage whereby fo shift 
the flring point of said ialves, said grid potential 
of variable direct current voltage being a func- 
tion of the difference in the voltages provided 
by said two measuring circuits, whereby said 
shift in ihe firing point of the valves compensates 
for variations in the voltage of the alternating 
current supply source. 
7 In a control system, the combination with 
a welding circuit wherein the primary winding 
of a welding transformer is connected to a source 
of alternating current and wherein electric dis: 
charge valves rendered conductive by firing 
valves control flow of current through said pri- 
mary winding, of means maintaining current 
flow through the primary winding substantially 
constant for any particular adjustment irrespec- 
tire of voltage variations in the alternating cur- 
rent source, said means including a reference 
circuit connected to the alternating current 
source through a constant voltage regulator and 
including a reactor providing a dununy load 
having the same power factor and current set- 
ring as that established for the welding circuit, 
a voltage measuring circuit for said welding cir- 
cuit providing a voltage proportional to cur- 
rent fiow through the primary winding, a 
second voltage measuring circuit .,for said ief- 
erence circuit providing a voltage proportional 
to current flow in the reactor, control volt- 
age means supplying a grid biasing ioltage 
for triggering said firing valves to initiate a 
welding operation and for maintaining said 
valves non-conductive between welding op- 
erations, and a regulating circuit for sup- 
plying a grid potential of variable direct current 
voltage and which îs superimposed on the voltage 
supplied by said control voltage means whereby 

to shift the firing point of said valves, said reg- 
ulating Circuit having operation in accordance 
with the difference in the voltages provided by 
said two measuring circuits, whereby said opera- 
5 tion is a function of the voltage variations in 
the alternating current source and of the im- 
pedance variations in the welding circuit so that 
the shifting of the firing point of the valves 
compensates for said variations to maintain cur- 
10 rent fiow in the primary winding substantial- 
ly constant. 
8. In a control system, the combination with 
a welding circuit wherein the primary winding 
of a welding transformer is cormected to a 
15 source of alternating current and wherein elec- 
tric discharge valves rendered conductive by tir- 
ing valves control fiow of current through said 
primary winding, of means maintaining current 
fiow through the primary winding substantially 
20 constant for any particular adjustment irre- 
spective of voltage variations in the alternating 
current source, said means including a refer- 
ence circuit connected to the alternating cur- 
rent source through a constant voltage regulator 
25 and including a reactor providing a dummy load 
having the saine power factor and current set- 
ring as that established for the welding circuit, 
a voltage measuring circuit for said welding cir- 
cuit providing a voltage proportional to current 
30 flow through the primary winding, a second volt- 
age measuring circuit for said reference cir- 
cuit providing a voltage proportional to current 
flow in the reactor, control voltage means supply- 
ing a grid biasing voltage for triggering and tir- 
35 ing valves fo initiate a welding operation and 
for maintaining said valves non-conductive be- 
tween welding operations, and a regulating cir- 
cuit including a grid controlled vacuum valve 
for supplying a grid potential of variable direct 
40 current voltage and which is algebraically added 
to the voltage supplied by said control voltage 
means whereby to shift the firing point of said 
valves, the grid bias for said vacuum valve com- 
prising the difference in the voltages provided 
bY said two measuring circuits, whereby said 
45 grid potential of variable direct current volt- 
age is a function of the voltage variations in the 
alternating current source and the impedance 
variations in the welding circuit so that the shift 
in the firing point of said valves thus automat- 
50 ically compensates for said variations fo main- 
tain the current fiow through the primary wind- 
ing substantially constant. 
IV[ARCEL IICHELET. 

5 No references cited. 



